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Introduction: The aim of this study was to analyze the frequency and consequences of
postoperative complications (PC) after surgery for sporadic vestibular schwannoma and
to ﬁnd factors that increase the risk of PC occurrence.
Materials and methods: The study included 220 consecutive patients (134 women, 86 men; age
ranged from 18 to 74) operated on with the retrosigmoid (217) or translabyrinthine (3)
approach. Complicated postoperative period was deﬁned as an occurrence of at least one
of: cerebrospinal ﬂuid (CSF) leakage, hematoma in the tumor bed, intracerebellar hematoma,
cerebellar swelling, brainstem stroke, hydrocephalus (HCP), healing problems, meningitis
and cranial nerves (excluding VII–VIII) palsies or cerebellar symptoms. Correlation studies
and multivariate regression analysis were performed.
Results: PC occurred in 55 patients (25%). PC included lower cranial nerve (LCN) palsy (8.2%),
cerebellar symptoms (7.3%), CSF leakage (5.9%), HCP (5%), CNVI palsy (3.1%), meningitis
(1.8%), cerebellar swelling (1.4%), CNV dysfunction (0.9%), intracerebellar hematoma (0.5%)
and lethal brainstem stroke (0.5%). In long term follow-up, LCN deﬁcit was present in 2
patients (0.9%), cerebellar syndrome in 4(1.8%) and facial hypoesthesia in 2(0.9%). One
patient (0.5%) developed bilateral blindness, secondary to preoperative optic nerve atrophy.
As a result of PC, 10 patients (4.5%) required 11 additional surgical procedures. In statistical
analysis, PC were independently related to preoperative cerebellar syndrome ( p = 0.002) and
tumor size (>30 mm vs.<30 mm, p < 0.05). The risk of PC diminished signiﬁcantly with the
increased number of performed procedures from 40% at the beginning to 16.4% in the last 55
cases.
Conclusions: Tumor size, cerebellar syndrome at presentation and experience of the team
were the three most important risk factors for PC occurrence. Permanent deﬁcit secondary to
PC remained in only 4% of the patients.
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Type of complication Number %
Lower cranial nerves palsy (>7 days) 18 8.2
Cerebellar syndrome (>7 days) 16 7.3
CSF leakage 13 5.9
Hydrocephalus 11 5
- Normal pressure 1
- Acute 10
Secondary to:
- Hematoma in the tumor bed 6
- Brain stem stroke 1
- Cerebellar swelling 2
- Air in the tumor bed 1
CNVI palsy 7 3.2
Hematoma in the tumor bed 6 2.7
Meningitis 4 1.8
- Meningitis secondary to CSF leakage 3
Cerebellar swelling 3 1.4
Deep CNV injury 2 0.9
Intracerebellar hematoma 1 0.5
Brain stem stroke (lethal) 1 0.5
Supratentorial subdural hygroma 1 0.5
Blindness (secondary to preoperative optic
nerve atrophy)
1 0.5
Wound suppuration 0 01. Introduction
Patients with small vestibular schwannoma (VS) are less and
less frequently operated on by neurosurgeons now. Increas-
ingly often, they are treated by otolaryngology teams or with
radiosurgery, or are observed and followed with serial MRI.
Despite the improvement in the availability of diagnostic
methods, neurosurgeons continue to operate large tumors.
Probably in the future, this most challenging subgroup will
continue to be referred for neurosurgical treatment. It can be
assumed that if the global number of VS operated by
neurosurgeons decreases then it will be harder to go further
up the learning curve to a level that guarantees a further
decrease in the risk of postoperative complications. In this
context, a thorough analysis of postoperative complications
takes on a new meaning. Currently, the literature rarely focuses
on these issues and the main topic of interest is the preservation
of auditory and facial nerves. Other neurological deﬁcits, or life-
threatening complications (frequent in the past but now
extremely rare), indicate the level of difﬁculty of VS treating.
Currently, it is not only a theoretical threat, because surgery for
large and giant VS is always risky and gaining the experience in
complex cranial base surgery becomes more difﬁcult. In the
United States, in recent years, the number of VS surgery has
gradually decreased, while hospital stay and the rate of
postoperative complications has increased [1]. The aim of this
study is to analyze the frequency and consequences of various
types of postoperative complications, as well as attempt to ﬁnd
factors that increase the risk of their occurrence.
2. Materials and methods
This retrospective analysis included 220 consecutive patients
operated on for sporadic VS between 1990 and 2011. This group
included 7 patients previously treated ineffectively, surgically or
radiosurgically, in other centers. The group of patients is
analyzed in detail in the paper: ‘‘Surgery for sporadic vestibular
schwannoma. Part I: General outcome and risk of tumor recurrence’’.
Complicated postoperative period was deﬁned as an occurrence
of at least one of the following events: cerebrospinal ﬂuid (CSF)
leakage, hematoma in the tumor bed, intracerebellar hematoma,
cerebellar swelling, brainstem stroke, hydrocephalus (HCP),
healing problems, meningitis, deep trigeminal nerve (CNV)
injury, abducens nerve (CNVI) palsy, cerebellar syndrome or
lower cranial nerve (LCN) palsy, lasting more than 7 days.
Imbalance, swallowing problems and CNV paresthesia which
disappeared within a few days after surgery were not considered
as complications. Postoperative facial and auditory nerve
function was analyzed in a separate study. Correlation studies
and multivariate regression analysis were performed on factors
that might inﬂuence the risk of postoperative complications.
Factors taken into consideration included the age, gender,
surgical sequence, preoperative symptoms (cerebellar syn-
drome, trigeminal symptoms, headache and hydrocephalus),
preoperative hearing according to the AAO-HNS grading scale,
symptom duration prior to VS treatment, tumor size (maximum
extrameatal size, volume, tumor stage according to the Samii
grading scale), side of the tumor (left/right), tumor structure(solid/cystic) and histological type (Antoni A, B and A + B),
internal auditory canal (IAC) widening (+/), patient position
during the procedure (lateral ‘‘park-bench’’/supine), approach
(retrosigmoidapproach(RSA)/translabyrinthineapproach(TLA)),
and technique of bony closure (craniectomy/craniotomy). To
compare the results distributions, the chi-square test or Fisher's
exact test was employed. The stepwise Wald logistic regression
analysis was applied to evaluate the predictors of dependent
variables. The lowest level of signiﬁcance was set at p < 0.05.
3. Results
Postoperative complications occurred in 55 patients (25%). The
most common types of postoperative complications included
LCN palsy – 18 (8.2%), cerebellar symptoms – 16 (7.3%), CSF
leakage – 13 (5.9%) and hydrocephalus – 11 (5%) (Table 1).
Different types of complications often occurred in the same
patients. For example, hematoma in the tumor bed was the
cause of hydrocephalus and cerebellar syndrome in 6 patients.
3.1. Treatment and follow-up of postoperative
complications
As a result of postoperative complications, 10 patients (4.5%)
required 11 additional surgical procedures, including the
removal of tumor bed hematoma with external ventricular
drainage – 2 (0.9%), only external ventricular drainage – 2
(0.9%), surgery for CSF leakage – 6 (2.7%), ventriculoperitoneal
shunt placement – 1 (0.5%).
3.2. Lower cranial nerve weakness
Eighteen patients (8.2%) were discharged home with LCN
paralysis but they were able to swallow and nourish
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phoniatric rehabilitation. Lower cranial nerve paralysis
remained only in 2 patients (0.9%) in long-term follow-up.
These patients had stage T3 and T4 tumors and no LCN
weakness before surgery.
3.3. Cerebellar syndrome
Sixteen patients (7.3%) were discharged home with cerebellar
syndrome and with a recommendation for further rehabilita-
tion. Ataxia persisted in 4 patients (1.8%) in long-term follow-
up. Two of them had already less severe cerebellar symptoms
prior to surgery. All 4 patients had stage T4 tumors.
3.4. CSF leak
Rhinorrhea was observed in 13 patients (5.9%). It disappeared
after acetazolamide administration in one patient. Twelve
patients needed external lumbar drainage (ELD) placement.
Routinely, it was maintained for 5 days. CSF drainage alone
was effective in 7 patients (58%) and the remaining 5 patients
required surgical repair. In 2 of these 5 patients, CSF leak was a
distant complication. It occurred 4 and 9 months after tumor
removal. One patient required revision surgery for recurrent
leakage. CSF leak was complicated by meningitis in 3 patients.
3.5. Hydrocephalus
Surgery was complicated by obstructive HCP in 10 cases (5%).
This was a direct consequence of a tumor bed hematoma in 6
patients, intracerebellar edema in 2, brainstem stroke in 1, and
tumor bed air collection in 1. Six patients have been successfully
treated with mannitol alone. Temporary external ventricular
drainage (EVD) was needed in 4 patients. In all patients, acute
hydrocephalus resolved after a few days, without the need for
additional surgical procedures (permanent shunt placement).
One patient developed chronic normal-pressure hydrocephalus
1 month after surgery complicated by meningitis (post-
inﬂammatory hydrocephalus). Ventriculoperitoneal shunt im-
plantation brought complete symptoms relief.
3.6. Abducens nerve palsy
In all 7 patients (3.2%), the palsy withdrew spontaneously
within 6 months after surgery.
3.7. Hematoma in the tumor bed
This type of complication occurred in 6 patients (2.7%). In all 6
patients, it was the cause of supratentorial ventricular system
enlargement. The tumor bed hematoma manifested with
consciousness deterioration during postoperative day 0 in 2
patients, in the ﬁrst postoperative day in 1 patient, in the
second postoperative day in 2 patients, and in the fourth
postoperative day in 1 patient. Mannitol administration was
sufﬁcient in 4 patients. Urgent hematoma removal and EVD
placement was necessary in 2 patients. The level of conscious-
ness normalized in all of the patients. However, the cerebellar
symptoms were present until discharge in all patients and
disappeared in late follow-up.3.8. Cerebellar swelling and intracerebellar hematoma
Cerebellar edema occurred in 3 patients (1.4%) and intracer-
ebellar hematoma in 1 (0.5%) patient. All 3 patients had stage
T4 tumors. Cerebellar swelling induced obstructive HCP in 2
cases. Decreased levels of consciousness appeared in all
patients with cerebellar swelling, in postoperative day 0 in 1
patient, in ﬁrst postoperative day in 1 patient and in the second
postoperative day in 1 patient. The patient with intracerebellar
hematoma presented with cerebellar symptoms alone, with-
out consciousness deterioration. Mannitol administration was
sufﬁcient in 3 cases and EVD placement was necessary in one.
None of the patients required revision surgery. Cerebellar
syndrome was present at discharge in 3 cases, although
subsided in follow-up.
3.9. Meningitis
Meningitis was noted in 4 patients (1.8%), however, in 3
patients, it was related to CSF leakage. Two of them had ELD
for CSF leak. Meningitis was diagnosed in postoperative day 13,
16, 23 and 25. The infection was successfully treated with
antibiotics in all cases.
3.10. CNV dysfunction
Ipsilateral face hypoesthesia increased signiﬁcantly after
surgery in 2 patients and persisted in follow-up. These
patients had giant tumors (size: 60 mm and 56 mm, stage
T4B). The CNV continuity was preserved during surgery in both
cases.
3.11. Brainstem stroke
Brainstem stroke after large VS removal (grade T4B) was the
most severe complication in the analyzed series. The course
of the surgery in this patient was uneventful. The tumor
created a distinct niche in the brain stem, nevertheless there
were no signiﬁcant adhesions to the arachnoid membrane. A
cardiac arrest and respiratory failure suddenly occurred 2 h
after the end of the procedure. CT imaging was performed
immediately after successful resuscitation and it revealed
obstructive HCP without intracranial bleeding. EVD was
placed. However, the patient's condition did not improve
and she died 3 days after surgery. An autopsy demonstrated
an ischemic brainstem stroke with secondary hemorrhage,
interpreted as a consequence of urgent decompression effect
on the brain stem after the large tumor removal. It was the
only lethal complication of 220 patients in the group, creating
a mortality rate of 0.5%.
3.12. Subdural hygroma
Supratentorial subdural hygroma occurred in 1 patient. It was
asymptomatic and did not require any treatment.
3.13. Vision loss
One patient developed bilateral blindness a few weeks
after surgery. The patient was operated on for huge VS
Table 2 – Pre- and intraoperative risk factors for postoperative complications.
Factor Postoperative
complications
Chi-square or Fisher's exact test
// /+/
Gender F 103 (77%) 31 (23%) p-NS
M 62 (72%) 24 (28%)
Age ≤50 y.o. 99 (79%) 26 (21%) p-NS
>50 y.o. 66 (69%) 29 (31%)
Surgery sequence 1–106 75 (68%) 35 (32%) p < 0.05
107–112 90 (82%) 20 (18%)
Cerebellar symptoms // 131 (80%) 32 (20%) p = 0.01
/+/ 34 (60%) 23 (40%)
CNV symptoms // 122 (79%) 33 (21%) p-NS
/+/ 43 (66%) 22 (34%)
Headache // 147 (77%) 43 (23%) p = 0.04
/+/ 18 (60%) 12 (40%)
Hydrocepalus // 160 (76%) 50 (24%) p-NS
/+/ 5 (50%) 5 (50%)
Hearing Class A–C 39 (76%) 12 (24%) p-NS
AAO-HNS Class D 126 (75%) 43 (25%)
Previous VS treatment // 159 (75%) 54 (25%) p-NS
/+/ 6 (86%) 1 (14%)
Symptom duration ≤24 months 92 (79%) 24 (21%) p-NS
>24 months 73 (60%) 31 (30%)
Tumor stage acc. T2–T3 52 (83%) 11 (17%) p-NS
Samii scale T4 113 (72%) 44 (28%)
Maximal diameter <30 mm 99 (82%) 22 (18%) p < 0.05
>30 mm 66 (67%) 33 (33%)
Tumor volume <10 cm3 93 (82%) 21 (18%) p < 0.05
>0 cm3 72 (68%) 34 (32%)
Tumor structure Solid 138 (75%) 47 (25%) p-NS
Cystic 27 (77%) 8 (23%)
Side of the tumor Right 80 (74%) 28 (26%) p-NS
Left 85 (76%) 27 (24%)
Widening of IAC // 19 (76%) 6 (24%) p-NS
/+/ 146 (75%) 49 (25%)
Histopathology pattern (Antoni) A 49 (73%) 18 (27%) p-NS
B 19 (66%) 10 (34%)
A + B 97 (78%) 27 (22%)
Patient positioning Lateral park bench 63 (67%) 31 (33%) p = 0.03
Supine 102 (81%) 24 (19%)
Bony closure Craniectomy 17 (57%) 13 (43%) p = 0.02
Craniotomy 148 (78%) 42 (22%)
Abbreviations: CNV – trigeminal nerve, AAO-HNS – the American Academy of Otolaryngology-Head and Neck Surgery, IAC – internal auditory
canal, T – tumor stage according to Samii grading scale.
Table 3 – Distribution of postoperative complications
according to surgery sequence.
Surgery sequence Postoperative
complications
Pearson
Chi-square test
// /+/
Patients 1–55 33 (60.0%) 22 (40.0%) p < 0.05
Patients 56–110 42 (76.4%) 13 (23.6%)
Patients 111–166 44 (80.0%) 11 (20.0%
Patients 167–220 46 (83.6%) 9 (16.4%)
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operation, the patient complained of blurred vision, and
pre-operative ophthalmological examination showed signif-
icant peripheral ﬁeld of view limitation and optic disc
edema. In the early postoperative period, the visual acuity
and ﬁeld of vision worsened in both eyes (VOD = 0.8–0.9;
VOS = 0.1–0.2) and also the left optic disc became pale.
Postoperative CT imaging did not reveal HCP. A few weeks
after discharge, binocular blindness occurred and an eye
examination showed secondary bilateral optic nerve atro-
phy. Of the remaining 5 patients presenting with papille-
dema at admission, none experienced further vision
deterioration after surgery, including one patient with
postsurgery visual acuity improvement.
In summary, permanent neurological complications were
observed in 9 patients (4%), including: death in 1 and persisted
neurological deﬁcits in 8.3.14. Risk factors for postoperative complications
A comparative study and multivariate regression analysis of
factors that might inﬂuence the postoperative complications
occurrence are shown in Tables 2–4. There were no signiﬁcant
Table 4 – Multivariate regression analysis for postopera-
tive complications.
Factor p Exp (b) 95% conﬁdence
interval for Exp (b)
Cerebellar
symptoms
0.02 0.448 0.226–0.888
Tumor volume 0.01 1.03 1.007–1.050
Constant 0.01 0.372
Variables that did not enter the model: headache, CNV symptoms,
hydrocephalus, maximal extrameatal tumor size, patient position
during surgery, surgery sequence and bony closure pattern.
Abbreviation: Exp (b) – exponentiated regression coefﬁcient.
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sex or symptomatic period length. Postoperative complications
occurred signiﬁcantly more frequently in patients presented
with headache (40% vs. 23%, p = 0.04) and cerebellar symptoms
(40% vs. 20%, p = 0.01, Table 2). Other preoperative symptoms
were not signiﬁcantly associated with complications rate.
The postoperative complications rate was 33% for tumors
>30 mm. For smaller tumors, the PC rate was 18% ( p < 0.05). The
mean tumor size in the PC group was 33 mm, whereas in
patients with uneventful postoperative course – 29 mm
( p = 0.01, independent samples T-test). Similarly, if the tumor
volume was greater than 10 cm3, the risk of complications was
32% and 18% for smaller tumors ( p < 0.05, Table 2). The average
tumor volume was 21 cm3 in the PC group and 13 cm3 in the
uneventful group ( p = 0.01, independent samples T-test).
A history of prior treatment such as radiosurgery or non-
radical operations in other centers did not signiﬁcantly affect
the PC risk after surgery at our institution. Although it should
be noted that this group was limited to 7 patients (Table 2).Table 5 – CSF leak distribution according to potential risk facto
Factor 
Gender F 
M 
Age ≤50 y.o. 
>50 y.o. 
Surgery sequence 1–54 
55–108 
109–162 
163–216 
Previous VS treatment // 
/+/ 
Widening of IAC // 
/+/ 
Tumor grade T2–T3 
T4 
Tumor size ≤3 cm 
>3 cm 
Bony closure Craniectomy 
Craniotomy 
Mastoid air cells protection Wax 
Wax + bone chips + ﬁbrin glue 
Abbreviations: CSF – cerebrospinal ﬂuid, VS – vestibular schwannoma, T – 
canal.Statistically signiﬁcant differences in complications rates
were revealed depending on the operation methods, i.e.,
patient positioning and bony closure pattern (Table 2). The
complications rate was 33% for operations performed in the
lateral ‘‘park bench’’ position and 19% for those operated on in
the supine position with the head rotated ( p = 0.03). Compari-
son between craniectomy and craniotomy showed a higher PC
risk in the former one (43% vs. 22%, p = 0.02). An analysis of the
operation sequence showed that among the ﬁrst 55 patients
the PC rate was 40% and among the last 55 patients – 16%
( p = 0.02, Table 3).
3.15. Multivariate regression analysis
A larger tumor volume ( p = 0.01) and cerebellar symptoms at
presentation ( p = 0.02) were found to be independent risk
factors for postoperative complications (Table 4).
3.16. Factors that may inﬂuence the risk of liquorrhea
CSF leakage is qualitatively a different kind of complication as
compared to neurological deﬁcit and their causes. For this
reason, CSF leak underwent additional separate analysis to
identify factors that might be associated with its occurrence.
Patients with VS removed via the translabyrinthine approach
were excluded from this analysis. In this limited subgroup, CSF
leakage appeared in one (33%) of three patients. The study
group included 216 patients (the patient who died was also
excluded), of which 12 had CSF leakage. The analysis showed
no statistically signiﬁcant differences for any of the examined
factors (Table 5). However, it is worth mentioning that the
highest liquorrhea rate (10%) was noted in the group of the ﬁrst
30 patients.rs.
Rate of CSF leakage Fisher's exact test
// /+/
122 (94%) 8 (6%) p-NS
82 (95%) 4 (5%)
119 (97%) 4 (3%) p-NS
85 (91%) 8 (9%)
49 (91%) 5 (9%) p-NS
53 (98%) 1 (2%)
51 (94%) 3 (6%)
51 (94%) 3 (6%)
198 (94%) 12 (6%) p-NS
6 (100%) 0 (0%)
23 (92%) 2 (8%) p-NS
181 (95%) 10 (5%)
57 (92%) 5 (8%) p-NS
147 (95%) 7 (5%)
110 (93%) 8 (7%) p-NS
94 (96%) 4 (4%)
27 (90%) 3 (10%) p-NS
177 (95%) 9 (5%)
40 (91%) 4 (9%) p-NS
164 (95%) 8 (5%)
tumor stage according to Samii grading scale, IAC – internal auditory
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Postoperative complications occurred in every fourth patient,
but persistent neurological consequences remained in only 4%
of them. The most common complications were: LCN palsy,
cerebellar ataxia, CSF leakage and HCP. Additional surgical
procedures due to complications were required by 4.5% of
patients. Postoperative complications occurred signiﬁcantly
more often in patients presented with headache ( p = 0.04) or
cerebellar syndrome ( p = 0.01). It can be assumed that
headache is a collinear factor with tumor volume, which
was found to be the strongest risk factor for complications
occurrence ( p = 0.01). However, preoperative cerebellar symp-
toms showed independent inﬂuence on complications risk as
well ( p = 0.02). While the signiﬁcance of tumor size and volume
are evident for the risk of surgery, the interpretation of
cerebellar ataxia impact is not simple. Preoperative cerebellar
dysfunction might be derived from local edema or microcir-
culation disturbances in the surrounding structures, which
may not be directly related to tumor size. The same
mechanism may be responsible for increased vulnerability
of these structures to intraoperative manipulation. The
cerebellar syndrome was also an important factor for
unfavorable postoperative course after large VS removal in
the series of Blok et al. [2].
The risk of complications in our study does not differ from
the results published to date. Recently, Nonaka et al. showed
that, in late follow-up, imbalance persists in 6.3%, facial
numbness in 2.2%, and paralysis of the lower cranial nerves in
0.5% [3]. In a smaller series (110 patients) presented by Yu et al.,
hemiparalysis (0.9%) and tetraparesis (3.6%) were also ob-
served [4]. In the Samii series, the risks of tetra-, hemiparesis
and LCN paralysis were as follows: 0.1%; 1.0% and 5.5%. The
risk factors for complications were tumor size, coexisting
signiﬁcant general and/or neurological co-morbidities and
cystic tumor structure. In addition, postoperative LCN paraly-
sis was a risk factor for aspiration and pneumonia [5].
The complications rate in our series was higher in lateral
park bench position ( p = 0.03) and when the bone ﬂap was not
restored ( p = 0.02). Since 1998, the bone ﬂap is routinely
restored, and, since 2005, all of the patients were operated on
in the supine position. Therefore, it appears that these
accidental statistical ﬁndings should be interpreted as collin-
ear with the sequence of operation. The incidence of
complications was 40% in the ﬁrst quarter of the analyzed
series, and only 16% in the last quarter ( p = 0.02). In the latter
group, permanent neurological deﬁcit occurred in only one
patient (2%). This reﬂects the importance of the growing
experience of the team treating vestibular schwannomas, and,
most of all, the importance of a neurosurgeon's learning curve.
Although the decline in PC incidence with the acquisition of
experience was evident in percentage differences, the opera-
tion sequence did not show an independent inﬂuence in the
regression analysis.
In the analyzed series, the average tumor size decreased
over 20 years from 32 mm to 28 mm, which makes a difference
of only 4 mm. On the other hand, in recent decades, the
detectability of small and less symptomatic VS has signiﬁ-
cantly improved. The combination of these two facts leads tothe conclusion that patients with large tumors are still referred
for neurosurgical treatment, whereas patients with small
tumors are qualiﬁed for observation, radiosurgery, or operated
on by otolaryngology teams. In a group of 99 tumors with a
diameter >30 mm treated at our department, the complica-
tions rate was 39% (13/33) among the ﬁrst 33 patients treated,
45% (15/33) in the second third and only 9% (5/33) in the last
third ( p = 0.01). This indicates a long learning curve in this
most challenging subgroup of VS. A possible solution to this
problem may be greater treatment centralization of this
pathology in specialized centers [6,7].
It should be pointed out that postoperative complications
include a non-homogenous group of events. On the one hand,
it is difﬁcult to look for universal risk factors for different
complications such as cerebellar swelling and CSF leak. On the
other hand, the various types of complications occurred so
rarely that it is not easy to analyze them separately to ﬁnd the
statistically signiﬁcant risk factors. However, the common
denominator of most complications was cerebellar syndrome
or lower cranial nerve palsy due to hematoma, swelling or
manipulation. Therefore, it was decided to collect patients
with complicated postoperative course into one group, despite
an awareness of the limitations of such a study. The result of
this analysis is the conclusion that the risk of complications is
dependent on the size of the tumor and the presence of
cerebellar signs before surgery. An additional important
discovery is that the complications rate signiﬁcantly decreases
after about 50 operations performed by one neurosurgeon.
The incidence of post-operative CSF leak after RSA ranges
from 6% to 10.6% in meta-analysis [8,9]. In our series, the rate
of this complication was 5.7%. We did not ﬁnd any statistically
signiﬁcant factors for the risk of postoperative liquorrhea. It
should be noted, however, that the highest incidence (10%) of
leakage was among the ﬁrst 30 patients treated, while, among
the last 30 patients, there was no case of CSF leak. Reducing the
risk of liquorrhea can be linked with the evolution of the
surgical technique and greater experience of the neuro-
surgeon. Currently, at the end of the procedure, the IAC is
secured with a piece of muscle and tissue glue. Additionally,
the opened mastoid air cells are protected ﬁrst with wax and
then with bone chips and tissue glue. Restoring the bone ﬂap
may play a role as well, as it supports the stitches on dural
incision. On the other hand, the analyzed material indicates
that CSF usually leaks through IAC (80%), and only occasionally
through mastoid air cells (20%). Therefore, meticulous IAC
plasty is crucial in the prevention of CSF leak. Lüdemann et al.
indicate that the IAC and mastoid air cells sealing using free fat
graft may be more effective than a piece of muscle (CSF leak 2.2%
vs. 5.7%) [10]. Surgeons, who use endoscopic control of the IAC
bottom, emphasize that it helps to reveal and protect the open
air cells which are hidden from the view of a microscope [11].
In most studies, the translabyrinthine approach is associ-
ated with a higher risk of CSF leak than RSA. A CSF leak
occurred in 1 (33%) of 3 patients operated on with TLA in our
series. In the meta-analysis by Sughrue et al. this rate was 27%
[9].
Other factors mentioned in the literature that increase the
risk of liquorrhea are: a second operation via RSA [12] and male
gender [10], whereas tumor size seems to have no effect [13,14].
The different methods, from less to more invasive, are applied
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is ineffective, temporary lumbar CSF drainage or a series of
lumbar puncture with CSF depletion is applied. Eventually
surgical repair of the ﬁstula is needed in some patients.
Kalamarides et al. found that low CSF pressure in lumbar
puncture predicts the ineffectiveness of conservative treat-
ment in patients with CSF leakage [15]. Allen et al. showed that
lumbar drainage is effective in 90% of patients after TLA and
only in 50% after RSA [16]. In our series, lumbar drainage was
effective in 58% after RSA.
CSF leakage is connected with the risk of further complica-
tions, i.e., meningitis. In the analyzed series, three (75%) of the
four patients with meningitis had CSF leak. From the reverse
perspective, meningitis occurred in 3 (23%) of 13 patients with
CSF leak, including two (17%) of 12 treated with external
lumbar drainage. A literature review by Selesnick et al. showed
a strong association between CSF leak after VS surgery and
meningitis [13]. Continuous CSF drainage over a period of
several days also exposes the patient to infectious complica-
tions, despite routine prophylactic antibiotic use. The risk is
estimated to be about 4% [17].
The overall risk of meningitis in our study was 1.8%. In
other published series, the incidence of this complication is
estimated at 1.2–9.9% [3–5,18,19]. Postoperative wound infec-
tion did not occur in the presented series, however, the risk
may reach 1–4% [3,5,19].
Serious, potentially life-threatening complications such as
tumor bed or intracerebellar hematoma, cerebellar swelling
and brainstem stroke occurred very rarely in our series. During
dissection a lot of attention was paid to protection of emissary
veins including the superior petrosal vein. Brainstem stroke
was the only lethal complication. In the literature published in
the last decade, hemorrhagic complications are reported in
0.6–5.5% of the patients, cerebellar swelling in 0.28% and
brainstem stroke in 0.14–0.9% [4,18,20].
One patient developed blindness after surgery, neverthe-
less signiﬁcant peripheral ﬁeld of view limitation and optic
disc edema had already been reported before the operation.
Investigation of the patient's particular course indicates that
this was a consequence of delayed diagnosis and treatment
rather than a complication of surgery. On the other hand, the
event cannot be ignored in the complications analysis. In the
past, papilledema was observed almost in all and blurred
vision even in 1/3 of the patients [21]. Currently, the optic nerve
atrophy secondary to chronic intracranial hypertension is a
casuistic consequence of CPA tumor. This case serves as a
reminder of the rationality of ophthalmological examination
in patients with large tumors, enlarged ventricular system and
with headaches. In case of papilledema, surgery cannot be
postponed, and the patient should be warned of the visual
sequel risk.
5. Conclusions
The overall risk of postoperative complications was 25%,
however the risk declined from 40% to 16% with increasing
experience of the neurosurgical team. The most common
complication types were lower cranial nerve palsy (8.2%),
cerebellar symptoms (7.3%), CSF leak (5.9%) and hydrocephalus(5%). A few patients required additional surgical procedures
(4.5%) and experienced permanent neurological sequelae (4%)
as their consequence. The most important risk factors for
complications occurrence were tumor size and pre-existing
cerebellar symptoms.
The removal of a tumor directly adjacent to the brain stem,
cerebellum and cranial nerves is and will always be associated
with risk. Although currently, the risk of death and severe
disability are minimal, the risk of postoperative complications
must be presented to the patient before surgery.
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